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DEGERMING THE CUTANEOUS SURFACE*
I. QUATERNARY AMMONIUM COMPOUNDS
IRVIN H. BLANK, PH.D. ANTI) MARY H. COOLIDGE, B.A.
The surface of the normal skin is almost never sterile. Both the resident and
the transient flora of the normal skin vary from time to time and from individual
to individual. The surgeon would like to be able to reduce this flora to a mini-
mum. The dermatologist would like to be able to control the bacterial popula-
tions of the cutaneous surface in several diseases of the skin. Bacterial popula-
tions may be reduced either by removal of the bacteria with detergents or by
killing the bacteria with germicides. The term degerming has been suggested to
include both of these processes.
The measurement of the exact number of bacteria on the surface is difficult.
Attempts are sometimes made to transfer bacteria from the skin to culture media
by the use of cotton swabs, by scraping the skin or by placing the skin in direct
contact with a culture medium. Such technics are not quantitative and the deter-
mination of the presence of viable organisms is dependent upon the bacteria
leaving the cutaneous surface and going to the culture medium where they multi-
ply to produce colonies.
An important advance was made in the study of bacterial populations on the skin when
Price (1) described his method for the quantitative estimation of these populations. In the
Price technic the skin is washed in successive basins, each ifiled with a known volume of
sterile water. The number of viable organisms in the wash water is determined by trans-
ferring a sample of the water to agar culture media and counting the number of colonies
which develop. From the number of organisms removed by the wash waters, Price calculates
the total flora which existed on the cutaneous surface before the washing was started.
Price (2) himself and later Pohie and Stuart (3) adapted this technic to a study of the
action of disinfectants. The routine multibasin, soap and water scrub was interrupted at
about the mid-point by a scrub with alcohol. The number of organisms in the last basins
of the series was found to be much lower when alcohol was used and this decrease was inter-
preted as having resulted from a killing by the alcohol of some of the bacteria on the cu-
taneous surface.
When Price interrupted his soap and water scrubs with an alcohol scrub, he continued
to calculate his results as organisms remaining on the skin. Pohie and Stuart (3), on the
other hand, used the simpler method of plotting the actual number of organisms removed
in each basin saying that the number removed was "undoubtedly a function of the number
of bacteria on the hands." Most investigators who have subsequently used the Price technic
have recorded their results as did Pohie and Stuart (3). Thus, most investigators show "re-
moval curves" and not curves of the number of viable organisms remaining on the skin.
Actually, of course, it is the number of viable organisms remaining on the skin that is
important. There is no doubt that the number removed bears some relation to the number
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left on the skin, but this ratio may not always be constant. Price (1) lists the following fac-
tors as contributing to the inaccuracies of his data: (1) germicidal action of soap, (2) anae-
robes, (3) clumping of bacteria and (4) bacteria which are not removable by the scrubbing
technic. These factors become more significant when the routine technic is interrupted by
the application of a disinfectant. This application may so change the skin or the bacteria
that there is an alteration in the ratio of the number removed in the basins to the number
remaining on the skin. The removal curve of Pohie and Stuart (3) must then be carefully
interpreted.
When the Price technic was used for the evaluation of the antiseptic action of the quater-
nary ammonium compounds on the skin, water alone was used in the scrub basins instead of
soap and water. Very low counts were obtained in the basins after the application of the
quaternary ammonium compounds. Originally these low counts were interpreted as an in-
dication that most of the bacteria on the skin had been killed. Later, however, when soap
or an alkali was added to any of the basins following the application of the quaternary
ajamonium compound, the counts were found to be considerably higher than when plain
water was used. From this type of experiment, Miller, Abrams, Huber, and Klein (4) con-
concluded that the decrease in the number of bacteria which could be removed by a water
scrub did not indicate that the bacteria had been killed by the quaternary ammonium
compounds but that they had been held on the skin under a residual film of quaternary
aminonium compound. This film could be broken by soap or an alkali.
The quaternary ammonium compounds used by Miller et al. (4) were recognized as
germicides as early as 1922 by Hartman and Kaegi (5). The major interest in these com-
pounds dates from 1935 following the work of Domagk (6). Zephiran, Phemerol, and Ceepryn
are examples of quaternary ammonium compounds supplied to the medical profession as
antiseptics. Swan, Gonzales, Harris, Couslon, and Hopwood (7), in a recent paper reporting
the use of a quaternary ammonium compound as a surgical scrub, have given a good review
of this use of these compounds.
In the light of newer knowledge, it is now questionable if these compounds should be
called detergents when their detergent action is being evaluated by measuring their ability
to remove bacteria from the cutaneous surface. For this purpose they are not good deter-
gents since as Miller et al. (4) showed, they do not remove bacteria from the skin but ac-
tually hold them on the surface. This observation seemed so important to us that we felt it
justified further study.
It is proposed that the ability of the quaternary ammonium compounds to
hold bacteria on the cutaneous surface results, not from the formation of a film,
but from the alteration of the charge on the cutaneous surface by these com-
pounds. The isoelectric point of keratin, the major protein of the stratum cor-
neum, lies in the pH range of 3.7 to 4.5. At a p11 higher than the isoelectric point,
the cutaneous surface will carry a negative charge. Chinard (8) has shown that
when a quaternary ammonium compound is added to a negatively charged pro-
tein, the positively charged ions of the quaternary ammonium compound "neu-
tralize" the negatively charged carboxyl, phenolic and sulfhydryl groups of the
protein with the net result of a change in the charge on the protein to positive.
Chinard worked primarily with the soluble proteins. With the use of the Abram-
son (9) microelectrophoresis chamber it has been possible to show that this same
change in charge occurs when a quaternary ammonium compound is added to
a suspension of the keratinized cells of the stratum corneurn.
EXPERIMENTAL
Scrapings from the sole of the foot were ground in a Waring Blendor in a phos-
phate buffer solution of p11 6.3. This suspension was allowed to settle so that
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only the small, more or less single cell pieces of skin remained suspended. This
suspension was then put into an Abramson cell and observed under the action
of a 110 v. direct current. The skin cells were seen to move towards the anode
and thus were negatively charged. This same suspension was removed from the
chamber and a quaternary ammonium compound, dobenzyl chloride,' added to
produce a concentration of one part in a thousand. In the electrophoresis cham-
ber, the skin particles were now seen to move towards the cathode, thus indi-
cating a change of charge to positive. The addition of the quaternary ammonium
compound caused no change in the pH of the suspension. When, however, the
suspension containing the quaternary ammonium compound was increased to a
pH of over 12.5 by the addition of sodium phosphate (Na3PO4), the skin cells
again became negatively charged.
Most bacteria are negatively charged over a wide range of PH; only in an
extremely acid environment do they become positively charged. A suspension
of Bacillus subtilis spores was observed in the Abramson cell to be negatively
charged at a pH of 6.3.
This alteration of the charge on the cutaneous surface by a quaternary am-
monium compound permits the formulation of an hypothesis to explain the
holding of viable bacteria on the cutaneous surface without the necessity of postu-
lating the formation of a film which would act as a mechanical barrier. This
hypothesis was previously pointed out by Lane and Blank (10). Since it is diffi-
cult, if not impossible, to obtain a sterile cutaneous surface, the intact living skin
does not offer a good surface with which this hypothesis might be tested quanti-
tatively. Such tests can be made, however, if woolen cloth is substituted for
skin.
Since the basic protein of wool is keratin, it probably closely approximates the
stratum corneum chemically. Woolen cloth, as free of organic extractives as possi-
ble, is obtainable from the American Association of Textile Chemists and Color-
ists, Lowell Textile Institute, Lowell, Massachusetts. These pieces of cloth can be
sterilized, treated with buffer solutions and other substances and thus yield
keratin surfaces onto which viable organisms can be attracted and from which
they can be subsequently released. Since the quaternary ammonium compounds
used to treat the cloth have germicidal properties, it is important to choose an
organism which is not easily killed by low concentrations of the quaternary
ammonium compounds. It is for this reason that Bacillus subtilis spores were
chosen as the test organism. There follows a description of a typical experiment
'A pure, crystalline, quaternary ammonium compound manufactured by the Nopco
Chemical Company, Harrison, New Jersey:
CII, CII,
(C,,H,,,—N—C—CH,—N—Cl)
I if I
H 0 CII,
a
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to show the alteration by a quaternary ammonium compound of the bacteria-
holding capacity of a woolen surface.
Two pieces of woolen cloth, each weighing 2 grams and about 4 x 4 inches square, were
soaked in water for 20 minutes. The excess water was wrung from them and they were ster-
ilized in a steam autoclave at 15 pounds pressure for 15 minutes. One piece (I) was then
soaked for 1 hour in 30 ml. of a phosphate buffer of pH 6.6 (prepared by mixing 2 parts M/100
NaH2PO4 with 1 part of M/100 .Na2HPO4). A second piece of woolen cloth (II) was soaked
for 1 hour in 30 ml. of this same buffer solution to which had been added sufficient dobenzyl
chloride to make a 1—1000 concentration. At the end of this soaking period each piece of
cloth was washed separately in 100 ml. of sterile water. A suspension of Bacillus subtilis
spores was prepared by washing off a 72-hour slant culture on Sabouraud's agar with 25 ml.
of normal saline solution. This was placed in a Waring Blendor for one minute. One ml. of
this solution was then added to 100 ml. of sterile distilled water. One ml. of this suspension
was added to each of two bottles containing 100 ml. of sterile distilled water. After thor-
oughly shaking these bottles, the number of viable organisms per ml. (A) was determined
TABLE I
Showing the attraction and release of Bacillus subtilis spores by control and treated woolen
cloth
(Bacterial counts per milliliter)
ORIGINAL
SVSPENSIOII
A
SUSPZNSION
AFrER 122-
MRRSION OR
THE CLOTH
B
REMOVED
PROM TEE
CLOTH BY
WATER
X
REMOVED
PROM TEE
CLOTS BY
Na3PO4
C
REMOVED
PROM TUE
CLOTS BY
NagPO4
Ci
REMOVED
PROM THE
CLOTH BY
Na,PO
Cz
I
(Control)
II
(Treated with quater-
nary ammoniurn
compound)
2,230
2,130
1,740
245
112
175
69
652
38
364
57
184
by plating 0.1 and 0.5 ml. portions on Sabouraud's medium. This medium was chosen be-
cause it was found that the B. subtilis colony did not spread appreciably in 24 hours and
thus the individual colonies could be easily counted.
The pieces of washed cloth were wrung free of water and placed in these two bottles of
B. subtilis suspension and shaken for 10 minutes after which the pieces of cloth were re-
moved and the number of viable organisms per ml. of suspension was again determined (B)
by the plate count method. The drop in count in the suspension, i.e., A minus B, can be said
to be the number of organisms attracted to the cloth.
The pieces of cloth were then wrung as free of liquid as possible and placed in bottles
containing 100 ml. of sterile water and shaken for 10 minutes after which the number of
viable organisms per ml. (X) was determined. This figure indicates the number of organisms
which can be washed from the cloth by water alone.
The pieces of cloth were again wrung free of excess water and washed successively in
three 100 nil. portions of 1 per cent sodium phosphate (Na3PO4. 121120) solution (pH >12.5).
The number of viable organisms per ml. (C, C1, and C2) was determined on each of these
solutions.
The data obtained in a typical experiment are shown in Tables I and 1(a)
and the counting plates are photographed in Figure 1. These data clearly show
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that a much larger number of organisms (A — B) is attracted to the piece of
cloth which has been treated with the quaternary ammonium compound (II),
than to the untreated control piece of cloth (I). It is also seen that a relatively
small percentage of the total number held by the treated cloth can be released
by water X/(A — B) as Compared to the larger percentage released from the
TABLE I (A)
(Calculations from Table 1)
Fm. 1. Counting plates for wool experiment (0.5 ml. samples)
I—Control Woolen Cloth
TI—Treated Woolen Cloth
A—Original Suspension
B—Suspension after immersion of the cloth
X—Removed from the cloth by water
C, C1, and C2—Removed from the cloth by sodium phosphate
control cloth. (In other experiments of this type the water rinse at times removes
75 to 90 per cent of the organisms held by the control cloth.) The percentage of
organisms removed by the phosphate solutions (C + C1 + C2)/(A — B) is much
higher for the treated cloth than for the control cloth. In this experiment 100
per cent recovery has not been obtained. Had more phosphate rinses been used,
more organisms would have been recovered. This type of experiment has been
REMOVED PROM THE
CLOTH BY THE
WATER RINSE
Number PerceDtage
REMOVED PROM THE
WATER BY TBE
CLOTH
Number Percentage
(A—B) (A)
490 22.0
1,885 88.5
I
(Control)
TI
(Treated with quat-
ernary ammo-
nium compound)
REMOVED FROM THE
CLOTH BY THE
Na,PO, RINSES
Number Percentage
(C + C1C+CI +C')+C, (A—B)
164 33.5
1,200 63.8
x
112
175
(X)
(A — B)
22.9
9.3
TOTAL RECOVERY
Number Percentage
(X + C +X+C+Ct Cs+Cs)
+ Cs
276 56.4
1,375 73.1
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repeated many times over a pH range of 6.0 to 8.0 with results which are entirely
comparable even though the counting technics are such that percentage figures
vary from experiment to experiment.
When one attempts to obtain accurate data of this type on intact living skin,
many technical difficulties arise. The skin cannot be sterilized; it cannot be
maintained at a constant pH; areas with and without the quaternary ammonium
compound cannot be investigated at the same time on the same individual; a
unit area of cloth offers a much larger keratin surface, because of the woven fibers,
than does the same area of skin. Nevertheless, it can easily be shown that when
the skin surface is pretreated with a quaternary ammonium compound and the
excess removed, the skin will attract and hold viable organisms but not kill them.
This can be shown by the following type of experiment.
The skin of the hands was scrubbed thoroughly for five minutes with 100 ml.
of 70 per cent isopropyl alcohol. (As will be shown in a subsequent paper, we
believe that the cutaneous surface is made as nearly sterile with alcohol as with
any substance we now know.) The hands were soaked in 200 ml. of a 1—2,000
solution of dobenzyl chloride for 5 minutes and then rinsed in 2,000 ml. of sterile
water to remove the excess dobenzyl chloride. The hands were dried on a sterile
towel and then immersed in a suspension of B. subtilis spores. The number of
spores in this suspension was determined before and after the hands had been
immersed in it. The hands were then washed in a sterile solution of 1 per cent
sodium phosphate (Na3PO4 121120) and the number of organisms which had been
removed from the skin was determined. Such an experiment showed that as many
as 60 per cent of the total number of organisms left the water and were held by
the skin. These organisms were not killed by the quaternary ammonium com-
pound on the skin since they were again removed from the skin by washing at the
increased pH of the alkaline rinse and were shown to be viable.
Some organisms will leave the water and go to the skin when the skin is not
pretreated with dobenzyl chloride just as untreated woolen cloth will remove
some organisms from suspension. The number removed by skin which has been
pretreated with a quaternary ammonium compound, however, is much greater
than the number removed by untreated skin.
All of the reported experiments have been carried out with the quaternary
ammonium compound, dobenzyl chloride. We were able to show similar results
when we used other quaternary ammonium compounds such as alkyl dimethyl
benzyl ammonium chloride (Zephiran).
It was found that the above woolen cloth experiments could not be repeated
over a pH range of 5.5 to 6.6 when a citrate buffer (Sorenson's citrate-sodium
hydroxide mixture) was used instead of a phosphate buffer. At pH 6.3 neither
the cloth treated with buffer solution alone nor the cloth treated with buffer
solution and dobenzyl chloride could be shown to take up more than a very few
B. subtilis spores. This would indicate that the cloth treated with citrate buffer
retained its negative charge even in the presence of the quaternary ammonium
compound. With the electrophoresis chamber, skin cells were indeed seen to re-
tam their negative charge when dobenzyl chloride was added to a suspension in
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the presence of a citrate buffer at pH 6.3. Thus further support was obtained
for the hypothesis that the holding of bacteria on a protein surface is a function
of the charge on the surface.
DISCUSSION
The quaternary ammonium compounds which are powerful germicides in the
test tube and which are sometimes called detergents seem to be poor germicides
and poor detergents when one is trying to kill bacteria on the cutaneous surface
or to remove them from the surface. It is not entirely clear why the quaternary
ammonium compounds are not as efficient germicides on the cutaneous surface
as in the test tube. Some phospholipids are present on the surface of the skin
and phospholipids have been shown by Baker, Harrison and Miller (11) to in-
hibit the germicidal action of these compounds. We believe, however, that also a
protein, such as keratin, may serve to reduce the germicidal action of the quater-
nary ammonium compounds by reacting chemically with these compounds.
Actually in one instance we were able to culture 400,000 viable, gram negative
organisms per ml. from a 0.1 per cent aqueous solution of alkyl dimethyl benzyl
ammonium chloride (Zephiran) in which bristle (protein) scrub brushes had been
soaking for 24 hours.
Contrary to functioning as a detergent these compounds actually serve to
hold bacteria to the cutaneous surface rather than to remove them from the
surface. The charges on the skin and on bacteria are both negative at hydrogen
ion concentrations more alkaline than the isoelectric point of keratin, and thus
in water the bacteria are repelled from the skin. When a quaternary ammonium
compound is added at a pH near 7.0, however, the charge on the skin is changed
to positive and the skin attracts the negatively charged bacteria and will not
easily release them until the charge on the skin is again changed to negative by
raising the pH, thus again repelling the bacteria. It might be argued that the
quaternary ammonium compound would likewise change the charge on the bac-
teria to positive and that then, with both skin and the bacteria positive, the
bacteria would still be repelled. Indeed, Dyar and Ordal (12) have reported such
an alteration of charge on bacteria at some concentrations of quaternary ammo-
nium compounds. In our experimental work, however, it should be remembered
that the bacteria were not in contact with the quaternary ammonium compound.
They were added after the compound was on the wool or skin. Amounts of the
quaternary ammonium compound which might have come from the wool into the
bacterial suspension were shown by electrophoresis studies to be insufficient to
alter the charge on the bacteria.
Thus, it is no longer necessary to think of a film which will mechanically hold
the bacteria under it because when the cutaneous surface is treated first with a
quaternary ammonium compound, it can be shown that the electrical charge on
skin is altered and this alteration of itself will cause the skin to attract and hold
bacteria which are added after the quaternary ammonium compound.
Most bacteria and dirt particles are negatively charged and the magnitude
of this charge is usually increased with an increase in pH. This is true also of the
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cutaneous surface at any pH more alkaline than the isoelectric point. Therefore
maximum detergency is obtained with alkaline solutions. Soaps and other alka-
line detergents may be irritating to some skins. In recommending a detergent
it is important to keep in mind one's objective; if one desires maximum removal
of bacteria and dirt from a normal skin, an alkaline detergent may be preferred.
Subsequent papers of this series will consider hexachiorophene (G-1 1) as a
cutaneous antiseptic and the use of alcohol to degerm the skin.
SUMMARY
It has been shown that at a pH a little higher than the isoelectric point of
keratin the quaternary ammonium compounds change the charge on cutaneous
surfaces from negative to positive. If the pH is then raised considerably higher
than the isoelectric point, the charge reverts to negative.
Experiments with woolen cloth and skin have been presented to show that
B. subtilis spores are held onto keratin surfaces when the electrical charge on the
surface is changed to positive and released from these surfaces when the charge
is negative. This mechanism explains the retention of bacteria on cutaneous sur-
faces treated with quaternary ammonium compounds, without the need of postu-
lating the formation of a film of the agents under which the bacteria are retained.
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